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The interference effects between an extra neutral spin-1 Z'-boson and the Standard Model back- 
ground in the Drell-Yan channel at the LHC are studied in detail. The final state with two oppositely 
charged leptons is considered. The interference contribution to the new physics signal, currently 
neglected by experimental collaborations in Z'-searches and in the interpretation of the results, 
can be substantial. It may affect limits or discovery prospects of Z' at the LHC. As the Z'-boson 
interference is model-dependent, a proper treatment would a priori require a dedicated experimen- 
tal analysis for each particular model. Doing so could potentially improve the sensitivity to new 
physics, but would require a much bigger effort from the experimental side. 

At the same time, it is shown that one can define an invariant mass window, valid for a wide 
range of models, for which the contribution of the model-dependent interference to the Beyond the 
Standard Model signal is reduced down to 0(10%) level, comparable to the level of the combined un- 
certainty from parton densities and higher order corrections. This quasi-model independent "magic 
cut" does not scale with the mass of the Z'-boson and is approximately constant over a large range 
of masses. Such a control of the interference effects relies on not-too-small branching ratios of Z' to 
leptons which can be suppressed, however, by an additional new decay channels of the Z' increas- 
ing the interference effect. Under the general assumption that these new decay chanels of Z' are 
not dominant, one can perform quasi-model independent analyses, preserving the current scheme 
used by the experimental collaborations for the Z'-boson search using the suggested invariant mass 
window cut. 
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I. INTRODUCTION 

Drell-Yan (DY) processes have been studied for over 
40 years now. They involve the production of lepton- 
anti-lepton pairs with high invariant mass in hadron col- 
lisions [T] . They are of great historical importance, as the 
discoveries of the Standard Model (SM) W and Z reso- 
nances at the Super Proton Synchrotron (SPS) in 1983 
were indeed made in these channels [2H5]. At the same 
time, DY processes are very powerful for discovering or 
limiting new physics involving heavier particles similar 
to the W and Z bosons. 

Scenarios involving such exotic particles are particu- 
larly relevant now as the Large Hadron Collider (LHC) 
is collecting data and probing higher and higher ener- 
gies. The signals of the Drell-Yan channels are among 
the cleanest in the difficult environment of a high-energy 
hadron collider. The final state one tries to identify is 
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purely leptonic and stands out from the very busy Quan- 
tum Chromodynamical (QCD) activity. No colour charge 
in the final state implies less diagrams, making it a sim- 
ple process to study. On the other hand, it also means 
that the cross-section is lower compared to other (non- 
leptonic) processes. Less background and easier identi- 
fication ensure a high efficiency, though, which compen- 
sates for the reduced event-rate. 

The contribution of new physics to any given process 
is, in general, not independent from the known physics: 
there may be interference between the two, and it can 
be sizeable. This happens in particular in the Drell-Yan 
channels with additional resonances. Although the effect 
of interference is commonly discussed in this specific con- 
text J6h12J , one still encounters misleading or incomplete 
statements regarding, for instance, how the importance 
of interference depends on kinematic cuts and other pa- 
rameters and how large the effect is. 

Until now, most experimental searches of new parti- 
cles in these channels put interference aside when inter- 
preting the available data ^13 - 20 . There is, however, a 
growing interest in including this effect in the commu- 
nity, and some of the more recent analyses do discuss the 
matter [21] [22, at least when considering cases where 
interference has explicitly been shown to be important 
[23] . Interestingly, the effect of interference in a differ- 



ent but related channel (top-bottom quark pair [21]) has 
been included in analyses for a longer time now |25H27j . 
It is therefore important to study in detail and illus- 
trate certain features of the interference between the SM 
electroweak bosons and potential new resonances in DY 
processes, namely the relative size of the interference and 
main factors which affect it. 

The focus of this discussion is on the neutral channel 
at the LHC, i.e. the production of an electron or muon 
pair mediated by a photon, a Z and a hypothetical Z'- 
boson in proton-proton collisions. Z' here denotes an 
extra neutral spin-1 particle. No flavour changing effects 
are considered. 

First, a comparison with the Narrow Width Approx- 
imation (NWA) is presented, in which production and 
decay of the intermediate particle are separated. This 
exemplifies in the context at hands one of the limita- 
tions that have been pointed out |28| . Some previous 
statements are also reviewed [55*. The general trend is 
shown for a large panel of typical Z' models. The im- 
portance of these observations is that properties of Z' 
bosons are often expressed by means of the so-called c„- 
Cd parametrisation, which implicitly relies on the NWA 

However, of perhaps greater phenomenological rele- 
vance is a comparison not with the NWA result, but 
with a Finite Width computation neglecting interference. 
One should determine how far away from the resonance 
region it is still safe to neglect the interference. The de- 
pendence of the effect on the mass and width of the new 
resonance is discussed. Some more specific results are 
given in the context of the most common (but not partic- 
ularly well theoretically motivated) benchmark scenario, 
the Sequential Standard Model (SSM), where the Z' is 
assumed to have the same fermion couplings as the SM Z 
[see for instance 1311 and relevant experimental analyses], 
and of the so-called "0 model, motived by Eq Grand Uni- 
fied Theories (GUT). The paper is organised as follows: 
the general framework is defined in Section II, followed 
by Section III where benchmark models are introduced, 
and Section IV with computational details. Section V 
and VI discuss results on finite width effects and size of 
the interference followed by conclusions in Section VII. 



II. INTERFERENCE 
A. In general 

Interference generically refers to the cross-term (in the 
probability of a given process) between two different 
contributions to the transition amplitude. It is typical 
of wave and quantum mechanics. In particle physics, 
the amplitude is essentially given by a matrix element 
AA = X]j-^i which corresponds, in perturbation theory, 
to a sum of individual Feynman diagrams. The interfer- 



ence is then the second sum of 

|2 V^ I . , |2 



\M\ =^\M,\ +^2Re{M*M.j) , 



(1) 



i<j 



while the first terms are the "diagonal" , or "pure" , con- 
tributions. 

The relative size of the interference in a particular pro- 
cess {i.e. considering a single "entry" of the "matrix" M) 
only depends on the relative size (and phase) of the dif- 
ferent AAi. In practice, however, one is never interested 
in a single specific transition: different initial and final 
states are summed or averaged over (momenta, helici- 
ties, polarizations, colour charges, etc.). It may happen 
that two different contributions are only sometimes, or 
even never, simultaneously non-zero in the set of con- 
sidered sub-processes and therefore do not interfere with 
each other. Thus, the interference may not be maximal, 
or may completely vanish in very specific cases. For in- 
stance, this is the case when considering particles with 
opposite helicity structure in their interactions; or the in- 
terference between a scalar and a gauge boson is typically 
suppressed by the masses of the external particles. 

What determines the presence or absence of interfer- 
ence, as well as its size and sign^, can be — somewhat 
arbitrarily — separated into two categories. 

The first factor is determind by the model details; in 
particular the coupling structure of the different particles 
at play {i.e. what precise states they couple to), as this is 
what decides whether there is interference or not to begin 
with. In that sense, interference is highly model depen- 
dent. Then, for a given interaction structure, the overall 
size of couplings should a priori fix the relative impor- 
tance of the effect'^ ; masses essentially set the kinematic 
dependence. 

The second ingredient affecting the interference is kine- 
matics: the different contributions to the amplitude will 
in general not all have the same dependence on kine- 
matic variables. In fact, kinematic variables of interest 
are precisely constructed in order to have separate regions 
where one contribution or the other dominates the pro- 
cess {e.g. a new-physics-free region and a low SM back- 
ground region). This implies that, somewhere between 
two such regions (provided the kinematic dependence is 
smooth), these contributions need to be of the same im- 
portance; thus, the interference between them would not 
be kinematically suppressed at this point. Therefore, un- 
less there is a strong overall suppression because of a par- 
ticular interaction structure, there has to be a kinematic 
region where the interference is important. One of the 
most representative of such kinematical variables is the 
di-lepton invariant mass M«: the region roughly half- 
way between the Z' and the SM resonances would for 



^ Indeed, contrary to the diagonal terms \Mi\ , interference is not 

positive-definite. 
^ The width dependence of the results makes the picture a little 

more complicated, though. 



instance be the "intermediate region" mentioned above 
where the interference is important. Finally, one should 
note that outside of this intermediate kinematic range, 
interference should be larger than the sub-dominant di- 
agonal contribution. In our particular example above, 
in the vicinity of the SM resonances, the interference is 
above the pure Z' signal; conversely, the interference be- 
comes larger than the SM background near the heavy 
resonance. 



B. In Drell-Yan 

The process under consideration is the production of a 
charged lepton pair at the LHC in the neutral Drell-Yan 
channel: 



VV 



-f,Z,Z' ^l+l- 



(2) 



which is mediated by the SM photon and Z-boson, and 
possibly by an extra Z'-boson. As all results are given at 
parton level, the conclusions of this article apply to both 
electron and muon pairs. Notice that, even without new 
physics beyond the SM (BSM), there is interference be- 
tween the photon and the Z-boson. Although — as will 
be discussed — the effect is very suppressed, observation 
of asymmetries largely due to this interference even al- 
lowed a glimpse of the Z-boson in certain channels before 
the resonance peak itself was accessible [32l |33] . 

There are some prospects of measuring such effects due 
to an extra Z'-boson at the LHC U], but, in popular 
scenarios at least, it is unlikely to allow a discovery be- 
fore the observation of the expected peak in the invariant 
mass distribution [TUT. Nevertheless, interference may be 
significant in the intermediate invariant mass range, as 
shown in Fig.[l] Indeed, one can see that the effect of in- 
terference in the differential cross-section can be as large 
as 50%. 

The current discussion is concentrated on the cross- 
section in the peak region, though, which current search 
strategies focus on. 

Neglecting the masses of external fermions, if the scat- 
tering angle is integrated over, and no asymmetric accep- 
tance cut is used (i.e. different rapidity cut for particle 
and anti-particle), parity-odd effects drop out and the 
only relevant coupling factors appearing in the matrix 
element squared are 



M*Mj oc (g'yg'y + g\g'^) (g\,g'y + 

\ / quark \ 
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lepton 



(3) 



where gy and 17)^ are the vector and axial couplings de- 
scribing the neutral current interaction 



Lnc = Zl 



V^/7^(ffy/-5A/75)V'/; (4) 



i labels the neutral gauge boson (photon, Z, Z') and / 
the fermion type and flavour. 



The kinematic dependence is given by the propagator 
factors 



(s - mf) (s - m|) + (mj Tj) (toj Tj) 



(5) 



where s is the centre-of-mass energy of the partonic pro- 
cess squared; m^ and F^ are the mass and width of the 
resonance i. 

From now on, interference will be understood as the 
interference between a hypothetical Z' (the new physics) 
and the SM photon and Z-boson (the known physics). 

Whether the interference is constructive or destructive 
depends on the relative sign of (|3| and ([5| . The propaga- 
tor factor in interference contributions, as a function of s, 
always changes sign when crossing both resonance peaks; 
in the region of interest — between the two resonances 
— it is negative. If the coupling factor is positive, in par- 
ticular if the couplings are sequential, the interference is 
destructive in the intermediate range. 

Finally, interference terms contain two powers of the 
coupling to each relevant resonance, and diagonal terms 
four powers of the coupling; this thus determines the scal- 
ing of the different contributions when varying the overall 
size of the couplings. A Z'-boson with large couplings to 
fermions compared to the SM gauge bosons will exhibit 
a smaller relative interference, and vice-versa. 



III. BENCHMARK MODELS WITH AN 
ADDITIONAL f/'(l) GROUP 

The prediction of (at least) one extra neutral vector bo- 
son is a generic feature of models where the gauge group 
is extended compared to the SM. Scenarios falling in that 
category include Grand Unified Theories (GUT), theories 
of dynamical electroweak symmetry breaking and extra- 
dimensional theories [341 and references therein]. The 
set of models that are being specifically considered here 
is the same as in [21]. It consists of thirteen different 
models, split in three classes: GUT with an Eq gauge 
group (-Ee), Generalised Left-Right symmetric models 
(GLR), and generalisations of the SSM benchmark sce- 
nario (GSM). 

No flavour changing effects are considered, and family 
universality of the fermion couplings is assumed. The Z' 
resonances are taken to be as narrow as allowed by the 
commonly adopted assumption that only the direct de- 
cay to SM fermions is allowed [35, and references therein] . 
The widths in these models are typically a few percent 
of the Z'-boson mass, and the branching ratios (BR) to 
charged leptons of a given flavour fall in a similar range. 



as shown in Tab. 
(last row in Tab. 



An exception is given by the Q-model 
I ) where the values of these observables 
exceed the 0(10%) level. The Q- model is here taken 
as representative for the description of wide vector reso- 
nances. Because the photon and the Z-boson have dif- 
ferent chiral interaction structures, a single Z' cannot 
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FIG. 1: (a) Invariant mas s dis tribution in the presence of a SSM Z' resonance, computed with and without interference 
between the Z' and the SM. [(b)] Ratio of these two predictions to the pure SM Drell-Yan result. LIIC@8TeV with Mz/=2.5 
TeV is considered. No kinematical cuts are applied and the CTIO NLO best fit PDF set is used. 
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TABLE I: Value of the factor S for all contributions in all considered models, normalised to the photon coupling in down-quark 
channels (e'*/9). The last two columns give the widths and branching ratios to charged leptons of the ^'-boson. 



interfere maximally with both (nor can the interference 
identically vanish for any choice of couplings); therefore, 
there will always be some suppression of the effect in 
these models, unlike in cases where there are two extra 
(degenerate) resonances [35]. As will be shown, this sup- 
pression is still not enough to guarantee the interference 
to be negligible. 

In most Eq models, the interference contributions in 
the processes with up- and down-type quarks in the ini- 
tial state have opposite signs, thus they partly cancel 
each other, resulting in reduced interference in the full 
Drell-Yan process. The overall interference is also gen- 
erally constructive in the intermediate region, unlike in 
the other cases. A similar cancellation occurs for some 
values of the mixing angle in the LR models. Since the 
relative importance of the up- and down-type quark chan- 
nels — in other words the ratio of parton luminosities — 
varies with the momentum fractions, these cancellations 



depend on the partonic ccntre-of-mass energy, and addi- 
tional sign changes of the interference can occur. 



These features can be read off Tab. |Tj which shows the 
value of all the relevant coupling factors p). For instance 
in the Eq ip model, there is no interference between the Z' 
and the photon (as the former is an axial resonance), but 
the interference factors with the Z are large compared to 
the pure Z' couplings. They have opposite signs in the 
two different quark channels, however, which leads to a 
suppression of the overall interference. Furthermore since 
the up-quark parton luminosity is larger in the consid- 
ered context, the negative coupling factor will dominate, 
leading to constructive interference below the Z' peak. 



Also note the 0(10 ^) suppression of interference in 
the SM between the photon and the Z. 



IV. REMARKS ON THE COMPUTATION 

The observable considered here is the cross-section 
(t{pP — > l^l^) for producing the leptons within a certain 
invariant mass window symmetric around the Z' mass, 



\mu - mz' 



< Ar 



(6) 



and resuhs are presented as a function of Am, the cut on 
the dilepton invariant mass, or more precisely in terms of 
Am/ ^. Indeed, the main effect of varying the hadronic 
centre-of-mass energy -^i between 7 and 14TeV here is 
related to a simple rescaling of Am and m,z''- all the 
following figures are essentially valid for any LHC energy. 
Computations have all been performed choosing ^/s — 
8TeV. 

Because of the very steep fall-off of the parton distri- 
bution functions (PDF) with the partonic centre-of-mass 
energy, where the upper bound of the integration range 
lies is of little relevance; what essentially matters in ^ 
is the lower bound on the lepton pair invariant mass. 

As to numerical details, the following input parame- 
ters were chosen: mz = 91.1875 GeV, a~^ = 128.88, 
sin 6*^ = 0.2304, Gp = 1.1663787 x IQ-^ GeV"^. 

All results are presented at parton level and at leading 
order (LO). Meaning that, in the context of this discus- 
sion, the invariant mass of the outgoing lepton pair mu 
and the (partonic) centre-of-mass energy ys are equal. 
Next-to-leading order (NLO) QCD corrections are ex- 
pected to approximately factor out from the process, as 
only the initial state carries colour charge and it is the 
same for all the diagrams. The effect would be a general 
enhancement of the contributions. The current discus- 
sion focuses on relative sizes, however, not on the abso- 
lute value of the prediction; the conclusions should there- 
fore be robust against k-factors. 

The same goes for acceptance cuts (typically requiring 
the leptons to have a pseudo-rapidity less than about 
2.5): none have been implemented, but as the events are 
concentrated in the central region, including them would 
have little effect on the overall results. 

Finally, although the hard scattering process is com- 
puted at LO, it is convoluted with the CTIO NLO best fit 
PDF set ^35j (choosing vl for the factorisation scale)^. 

All computations have been performed with Mathe- 
matica [57] . 



V. FINITE WIDTH EFFECTS 

The NWA is a convenient approximation, both compu- 
tationally and conceptually: unstable particles are con- 
sidered to be produced on-shell exclusively, allowing a 



factorisation of the process into a production rate and a 
BR (i.e. the probability that the unstable particle decays 
into the desired final state). Computational power has 
increased considerably since the early times of particle 
physics; in many cases, the complexity of a full computa- 
tion is not so much an issue any more. On the other hand, 
many concepts derived from the NWA are still very much 
in use when it comes to describing new physics: produc- 
tion cross-sections and BR are widely used notions. Un- 
fortunately, the NWA can only be trusted under certain 
conditions and is often assumed to work better than it 
should PS^. 

The coupling properties of Z' bosons are commonly de- 
scribed in terms of two coefficients, c„ and Cd |30| . They 
are simply the quantity (Is]) for the diagonal Z' contri- 
butions to the up- and down-type quark channels, up to 
a factor Tz' /rnz' and some numerical coefficient. The 
difference between a computation including off-shell ef- 
fects (but not interference) and the NWA is just in how 
the propagator factor and the parton luminosities are 
treated, which only indirectly depend on the couplings 
(through the width of the resonance). The functional 
form of the kinematic dependence of the up- and down- 
quark contributions being similar, one can find an almost 
model-independent invariant mass integration range such 
that the NWA and the Finite Width results agree^. 

The existence of such a "magic" cut was pointed out 
previously J2S]- A priori, one would expect this cut to 
depend on the mass of the resonance, but as the par- 
ton luminosities take a similar form over most of the vs 
range, it turns out that it is the absolute size of the magic 
integration window that varies little with the Z' mass. 
More precisely, y/s, the hadronic centre-of-mass energy 
is the relevant scale in this discussion. In this paper, re- 
sults are thus plotted as a function of Am/y/s (rather 
than adopting the common convention Am/mz' ) . 

The agreement between the Z'-boson production cross- 
section computed in the NWA and calculated taking into 
account Finite Width effects, but neglecting interference, 
is reproduced in Fig. 2(a)| All the considered models 



predict for the Z'-boson a narrow width of 0(1%) of its 
mass, except the so-called Q-model, which has a rela- 
tive width of order 10% and is taken as a benchmark for 
wide vector resonances. This latter model thus exhibits a 
slightly different behaviour. In the comparison between 
NWA and Finite Width result with no interference, the 
important point is that the "magic" cut is quasi model- 
independent, and its value is a little above Am,/y/s ^ 5%. 
Furthermore, if the agreement becomes more sensitive to 
the cut as the Z'-boson mass is increased, the approxi- 
mate position of the "magic cut" on the other hand varies 
little (Fig.|3(a)[). 



Unfortunately, interference spoils this ideal picture, as 



^ This seemingly inconsistent procedure may in fact give a closer 
approximation of the full NLO result I36| . 



* Provided the width of the resonance is similar in all the models 
considered. 



shown in Fig. |2(b)[ In the Eq models, with the small 
constructive interference, there is still an approximate 
"magic cut", slightly shifted to lower Am. If the in- 
terference is destructive, it is impossible in general to 
exactly match the NWA cross-section and the value ob- 
tained from a full computation, no matter what invariant 
mass cut is used. In all classes of models considered in 
the paper, one gets at best a 5-10% overestimation when 
using the NWA. 

A further comment is that changing the width by con- 
sistently scaling the couplings {i.e. keeping the BR con- 
stant) or doing it while keeping the couplings relevant to 
the process constant (i.e. changing the BR with constant 
partial width) is not equivalent because of interference. 
A good agreement with the NWA using a large integra- 
tion window would be expected in the small width limit 
regardless, but it happens only if the limit is taken with 
constant couplings — increasing the BR — which is in 
principle inconsistent with the basic assumptions on the 
Z' properties^. If the width of the resonance is reduced 
by consistently making the couplings smaller, there will 
indeed be a better agreement between the full computa- 
tion and the NWA, but only if a tighter invariant mass 
cut is applied; if a sizeable off-shell region is included, the 
importance of the interference stays the same. In other 
words, the interference is negligible when comparing the 
NWA and a full computation only if the width is narrow 
and the BR large. 

Results illustrating these points are presented in the 
next section. 



VI. THE SIZE OF INTERFERENCE 

Since the NWA is not so much relied on any more in 
the context of the simple Drell-Yan processes, a compar- 
ison between the Finite Width predictions including or 
not interference is perhaps more interesting. The differ- 
ence between the two predicted cross-sections (i.e. the 
interference contribution) relative to the pure Z' result 
is plotted as a function of the same invariant mass win- 
dow as before in Fig. |4J for Z'-bosons of different masses 
and widths. Two models are taken as sample, the SSM 
(upper plots) and the Eq tp model (lower plots). 

As can be seen, choosing an integration range as large 
— or larger — than prescribed by the magic match- 
ing between NWA and Finite Width results shown in 
Fig. 3(a) the importance of the interference to the BSM 
cross- section increases to 0(10%), becoming comparable 
to many other corrective effects normally taken into ac- 
count (NLO corrections, PDF uncertainties, experimen- 



tal efficiencies). 

In order to keep interference under control in all con- 
sidered models, one should fix a small enough invariant 
mass cut, for instance the one prescribed by the match- 
ing between NWA and the Finite Width computation. 
Choosing Am/y/s = 5%, the interference doe s stay below 
about 10% over a large range of masses (Fig. |3(b")] ). The 
important message here is that approximately model- 
independent statements can be made provided that the 
considered search window is sufhcicntly narrow. 

This procedure has some limitations, though. The 
main one being that interference noticeably grows in im- 
portance if the .Z'-boson width is larger due to additional 
decay modes (for instance into the SM gauge bosons). 
This is shown in Fig. 4(a) for two representative mod- 
els: the SSM (upper plot) and the Eq ^ model (lower 
plot). For a given cut, if the Z' width is increased with- 
out changing the couplings (i.e. the BR is decreased, the 
partial width staying constant), the interference contri- 
bution becomes larger, and vice-versa^. This also illus- 
trates the last point of the previous section. On the other 
hand, a change in the width done by consistently rescal- 
ing the couplings has much less impact on the importance 
of interference (and has an opposite effect) and is thus 
not shown here. 

Fig. |4(b)| completes the discussion on the m^' depen- 
dence by showing that the relative interference contribu- 
tion as a function of the invariant mass cut does indeed 
not change dramatically with the Z' mass, however only 
for a narrow enough search window. 

Last, it should be pointed out that the complete 
BSM signal, i.e. pure Z'-boson production plus its in- 
terference with the SM background without any kine- 
matic cuts, can be very different from the cross-section 
a{pp — ^ Z') X BR(Z+/~). This latter is the (pseudo- 
)observable popularly used when presenting the 95% C.L. 
upper bound on the BSM cross-section from which exper- 
imental bounds on the Z'-boson mass are extracted. In 
most cases, the interference is generally negative; thus, 
the BSM contribution to the total cross-section is not 
necessarily positive and is not an appropriate physical 
quantity for expressing limits. Furthermore, the physical 
meaning of such an observable is limited since, when a 
very large kinematic region is considered, the Drell-Yan 
cross-section is dominated by the SM contribution, and 
interference, which then constitutes the major compo- 
nent of the BSM signal, is drowned in the background. 



VII. SUMMARY AND CONCLUSION 

Hypothetical new physics is in general not independent 
from the known SM: there might be interference. This 



^ For the Drell-Yan process to happen in the first place, the Z' 
needs to couple to at least one type of quark and one type of 
lepton, thus the branching ratio to the leptonic final state is 
necessarily less than one. 



^ Once again, it is actually inconsistent to arbitrarily increase the 
BR. 
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FIG. 2: Relative difference between NWA and Finite Width computation excluding (a) or including (b) interference, as a 
function of Am/^/s, at a fixed Z' mass. All the models considered in [29] are plotted: the thick line is the SSM result; the 
dashed line is the Q-model; the dotted lines are for the Eq ones; other models (GLR and T^l) are thin continuous lines. 
LHC@8TeV with Mz/=2.5 TeV is considered. No kinematical cuts are applied and the CTIO NLO best fit PDF set is used. 
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happens in particular in Drell-Yan channels with extra 
resonances. Such interference is often thought to be neg- 
ligible regardless of the physical observable considered or 
of model details. 

The results presented here show that even in the pres- 
ence of a single Z' , where the interference cannot be max- 
imal, it may still become an important effect when con- 
sidering the BSM cross-section in a large enough kine- 
matic range. 

The NWA estimate of the Z' cross-section cannot in 
general represent the true prediction of a model, no mat- 
ter what kinematic cut is chosen. There is no "magic" in- 
variant mass cut allowing a perfectly model-independent 
analysis^. However, the importance of interference — 



and thus the deviation from this model-independent be- 
haviour — is limited if one does use the magic cut ap- 
pearing when interference is neglected; this cut is still 
a good measure of the range over which off-shell effects 
become important. 

It is shown that the magic cut mainly scales with the 
hadronic centre-of-mass energy rather than with the mass 
of the Z'. 

The validity of this picture relies heavily on large 
enough BR: if additional decay modes of the Z' are con- 
sidered and the BR to charged leptons therefore reduced, 
the importance of interference increases. 

Unless a full dedicated analysis is performed, in or- 
der to correctly interpret observed experimental limits in 
terms of specific models, it is important to compute the 



Here, "model-independent" essentially means that all the rele- 
vant features are captured by, for instance, the c^i-Cd parameters, 
and that a more complete description such as given in Tab. [l] is 



superfluous. 
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contribution of new physics in the same kinematic range 
that is effectively being probed by the search. Whether or 
not the model-dependent interference effects can then be 
safely neglected entirely depends on how large this kine- 
matic range may be. Within the classes of Z' models 
considered here, using a /S.m/^/s = 5% cut ensures that 
the interference stays at the level of a few percent, which 
would thus allow an approximately model-independent 
analysis. For such invariant mass window the relative 
contribution of the interference is comparable to the level 
of the combined uncertainty from parton densities and 
higher order corrections 12J. 

As closing statement, one can note that it is often im- 
portant to use definitions of BSM signal that include re- 
strictions to a specific kinematic region not only from 



an experimental point of view (geometric acceptance, in- 
creased signal-over-background ratio) but also for theo- 
retical reasons: if some new physics is most visible within 
a given range, it does not automatically imply that the 
contribution in that region dominates the total cross- 
section. 

Acknowledgments 



EA, AB and SM are supported in part through the 
NExT Institute. The CP'^-Origins centre is partially 
funded by the Danish National Research Foundation, 
grant number DNRF90. DB would like to thank Lau- 
rent Thomas for useful discussions. 



[1] S. Drell and T.-M. Yan, Phys.Rev.Lett. 25, 316 (1970). 
[2] UAl Collaboration, G. Arnison et al, Phys.Lett. B122, 

103 (1983). 
[3] UA2 CoUaboration, M. Banner et al, Phys.Lett. B122, 

476 (1983). 
[4] UAl Collaboration, G. Arnison et al, Phys.Lett. B126, 

398 (1983). 
[5] UA2 Collaboration, P. Bagnaia et al, Phys.Lett. B129, 



130 (1983). 
[6] M. Dittmar, Phys.Rev. D55, 161 (1997), arXiv:hep- 

ex/9606002. 
[7] T. G. Rizzo, JHEP 0705, 037 (2007), arXiv:0704.0235. 
[8] F. Petriello and S. Quackenbush, Phys.Rev. D77, 115004 

(2008), arXiv:0801.4389. 
[9] A. Papaefstathiou and O. Latunde-Dada, JHEP 0907, 

044 (2009), arXiv:0901.3685. 



[10] T. G. Rizzo, JHEP 0908, 082 (2009), arXiv:0904.2534. 

[11] C.-W. Chiang, N. D. Christensen, G.-J. Ding, and [25 

T. Han, Phys.Rev. D85, 015023 (2012), arXiv:1107.5830. 
[12] E. Accomando et ai, Phys.Rev. D85, 115017 (2012), [26 

arXiv:1110.0713. 
[13] CDF Collaboration, T. Aaltonen et ai, Phys.Rev. D83, [27 

031102 (2011), arXiv:1012.5145. 
[14] CDF Collaboration, T. Aaltonen et al, Phys.Rev.Lett. [28 

102, 091805 (2009), arXiv:081 1.0053. 
[15] DO Collaboration, V. Abazov et ai, Phys.Rev.Lett. 100, [29 

031804 (2008), arXiv:0710.2966. 
[16] DO Collaboration, V. M. Abazov et ai, Phys.Lett. B695, 

88 (2011), arXiv: 1008.2023. [30 

[17] ATLAS Collaboration, G. Aad et ai, (2012), 

arXiv;1209.4446. [31 

[18] CERN Report No. ATLAS-CONF-2013-017, 2013 (un- 

pubhshed). [32 

[19] CMS Collaboration, S. Chatrchyan et ai, (2013), [33 

arXiv:1302.2812. [34 

[20] CMS CoUaboration, S. Chatrchyan et ai, Phys.Lett. 

B720, 63 (2013), arXiv:1212.6175. [35 

[21] CMS Collaboration, S. Chatrchyan et ai, JHEP 1208, 

023 (2012), arXiv: 1204.4764. [36 

[22] ATLAS Collaboration, G. Aad et al, (2012), 

arXiv:1209.2535. [37 

[23] G. Bella et ai, JHEP 1009, 025 (2010), arXiv: 1004.2432. 
[24] E. Boos, V. Bunichev, L. Dudko, and M. Perfilov, 



Phys.Lett. B655, 245 (2007), arXiv:hep-ph/0610080. 

DO Collaboration, V. Abazov et al, Phys.Rev.Lett. 100, 

211803 (2008), arXiv;0803.3256. 

DO, V. M. Abazov et al, Phys.Lett. B699, 145 (2011), 

arXiv: 1101. 0806. 

CMS Collaboration, S. Chatrchyan et al, Phys.Lett. 

B718, 1229 (2013), arXiv: 1208.0956. 

D. Berdine, N. Kauer, and D. Rainwater, Phys.Rev.Lett. 
99, 111601 (2007), arXiv:hep-ph/0703058. 

E. Accomando, A. Belyaev, L. Fedeli, S. F. King, and 
C. Shepherd-Themistocleous, Phys.Rev. D83, 075012 
(2011), arXiv;1010.6058. 

M. S. Carena, A. Daleo, B. A. Dobrescu, and T. M. Tail, 

Phys.Rev. D70, 093009 (2004), arXiv:hep-ph/0408098. 

G. Altarelh, B. Mele, and M. Ruiz-Altaba, Z.Phys. C45, 

109 (1989). 

C. Prescott et al, Phys.Lett. B77, 347 (1978). 

S. L. Wu, Phys.Rept. 107, 59 (1984). 

P. Langacker, Rev.Mod.Phys. 81, 1199 (2009), 

arXiv:0801.1345. 

H.-L. Lai et ai, Phys.Rev. D82, 074024 (2010), 

arXiv:1007.2241. 

J. M. Campbell, J. Huston, and W. Stirling, 

Rept.Prog.Phys. 70, 89 (2007), arXiv:hep-ph/0611148. 

Wolfram Research, Inc., Mathematica (Version 7.0, 

Champaign, IL, 2008). 



